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PREFACE

John S. Clark
NASA Lewis Research Center

The Nuclear Thermal Propulsion (NTP) Workshop, co-sponsored by NASA, DOE, and
DOD, was held in Cleveland, Ohio on July 10-12, 1990. Over 200 people attended the
workshop from government laboratories, industry, and academia. The purpose of the
workshop was to review as many NTP concepts as possible, evaluate their current state-
of-the-art, and discuss development requirements for these concepts - to provide a
database from which to develop NTP Project Plans. A similar workshop was held on
Nuclear Electric Propulsion in Pasadena, California on June 20-24, 1990. -

An organizational meeting for the workshops was held in early May. 1990, so very little
time was available for any new analyses. Therefore, most of the results and plans
discussed were from earlier studies. In many cases the work was done during the
ROVER/NERVA era (i.e. 1955-1972).

A Concept Focal Point (CFP) was selected to represent each concept at the Workshop.
The CFP was asked to describe the concept, discuss its safety and performance
characteristics, technology development activities required to advance the concept to
Technology Readiness Level 6: (TRL-6 - full system ground testing complete), and
present a "first-order" development cost and schedule for the concept.

Technical Review Panels (TRP) were established with recognized national NTP experts
to:
(1)  provide a consistent comparison of the concepts
(2)  outline strengths/weaknesses, and
(3) provide a "first-order" ranking of the concepts compared to a NERVA
reference engine system.

The presentations of each of the Concept Focal Points (as were the additional
presentations) were transcribed and then edited for clarification for this Proceedings. No
new material has been added to the resulting papers except a bibliography for each
concept. Each author/CFP has reviewed the edited text and figures. I will take
responsibility for any errors that may have crept in during this process, however.

The final presentations by the Technical Review Panels, while preliminary, were left
mostly unedited, so as not to change the intent or content of their presentations.

I would like to acknowledge the help and support of a number of people that have



contributed to the success of this Workshop and Proceedings:

(1)
2
)

4)
)

Gary Bennett (NASA HQ/RP), our Nuclear Propulsion Program Manager,
whose initial guidance and support prov1ded a "roadmap” that was easy to
follow,

Tom Miller (NASA - LeRC) now the Manager of the Nuclear Propulsion
Office at lewis, for giving me the opportunity to organize and coordinate
the Workshop,

the Technical Review Panelists, for allowing us to "pick their brains" again,
the Concept Focal Points, who so eloquently described the concepts and
technology requirements - on very short notice and with no funding!

and finally to all the "behind-the-scenes" people that were so instrumental
in making the Workshop and this Proceedings a success - especially James
Graham and Karen Fandrich-Molnar, who have worked so dlhgently to get
the Proceedings published.

vi



WELCOMING REMARKS
Dr. Lawrence J. Ross
Director, NASA Lewis Research Center

Good morning, folks. This is a joint NASA/DOD/DOE workshop, but since it is in
Cleveland, I get the honor of saying, "Hello," and "Welcome to Cleveland," and
"Welcome to the Lewis Research Center."

I have a couple of things that I wanted to reflect on and share with you. One is that we
are coming within exactly ten days now of a very important event. Last July 20th you
may recall, the President, standing on the steps of the Smithsonian Air and Space
Museum, described his vision for this country’s civilian space program. He really
charged us, and others, and began to engage the Congress in laying the foundation for
what basically I think our children will be doing in this business after the turn of the
century: the return to the moon to stay, and then on to Mars, with man.

In describing that vision, the President opened the door for a lot of us in the world of
technology, to start searching for those things that will represent the enabling steps to
making that vision a reality, for this country and for our children. One of them is what
you are all here for this workshop: that is propulsion, and specifically, nuclear thermal
propulsion.

During the period of time between last July 20th and now, we have done a lot of work.
Everybody in the community has worked hard to try to find ways in which the program
the President described in broad terms could be made to happen.

Lots of things came from that work, one of which, I should remark, is why this meeting is
happening here, and why you see some NASA Lewis people around. The technology
program for nuclear electric and nuclear thermal propulsion is something that Lewis has
been asked by NASA to formulate, to lead, to establish the partnerships with DOD and
DQE, to provide the program plan, and really get on with it because of things we (at
Lewis) did many years ago.

But the other thing that came out of studies and other activities that have taken place is
the realization that we are really lacking in propulsion, not only for manned Mars travel,
but also the need for lifting things into space. Even to go back to the moon to stay, to
do that correctly, we are limited in propulsion in this country. We have relied on very
old technology in the liquid propulsion field for so long. Now we may be able to move
forward to the next plateau in technology, because we have a need to do it, Wthh we
haven’t had since the Appollo program.

So we have twin needs. One is the conventional booster technology, Advanced Launch
System (ALS) type technology, and the new breakthrough stuff that will put on the table



for the first time, in a real sense, the proposition of sending human crews to Mars. That
requires nuclear thermal. To do that we must dust off the knowledge we had many years
ago, reestablish partnerships, get focused on those roadblocks and enabling technologies
that need our attention early on and get on with it. This is a workshop that can share
the kind of information and create the kind of baselines that begins to do that for us.

I just want to say a quick word about the political scene. Fortunately, technologists’
"time constant” or "compute cycles" are much longer than the vagaries of the political
scene, so maybe not too many of our technologists are terribly concerned about this
year’s or next year’s budget fights. SEI the Space Exploration Initiative that I was
talking about is currently out of the budget, and that jockeying around will go on ad
infinitum. '

I have no doubt, notwithstanding the labels given to the technology program, that NASA
is going to be asked, and funded, to do it. We are going to find ways of putting our
resources and manpower against the right things. We are not going to do the wrong
things. So I would just caution, don’t let your enthusiasm be diminished by paying too
much attention to Space News and those other things that will tell you "the sky is falling."
NASA’s $14.7M budget is not bad. You can do a lot of things within that budget and we
will certainly work hard to do the right things.

It is my honor to welcome you here. If there is anything we can do for you, you are very
close to Lewis. So if we can do anything for the visitors from out of town, just grab a

Lewis person and they will be more than happy to help you with anything.

Good luck and have a productive rest of the week. Thank you.



N92-11089

NUCLEAR THERMAL PROPULSION PROGRAM
OVERVIEW

Gary L. Bennett
NASA Program Manager
Propulsion, Power and Energy Division
Office of Aeronautics, Exploration and Technology
NASA Headquarters, Washington, DC

Picking up on what Larry Ross said, we are coming up almost on the first anniversary of
the President’s speech (Figure 1) committing us to finishing space station, going back to
the moon and then going on to Mars, and he has repeated that on a number of occasions
over the past year, and the money was put in the fiscal 1991 budget to work on the
Space Exploration Initiative.

Specifically, the President requested $179.4 million for exploration technology, and of
that, $11 million was earmarked for nuclear propulsion, subdivided into $10 million for
nuclear thermal and $1 million for nuclear electric propulsion. There was flexibility put
in that we could do studies on either concept under the 10 million.

And the President, again in the speech that he gave last July (Figure 2) spoke of
finishing Space Station, going back to the Moon and then the mission to Mars; that’s
really the focus of our exploration technology program: the return to the Moon and then
going to Mars.

In one of the meetings that I attended with Frank Martin, who was head of the Office of
Exploration before it was merged with the old Office of Aeronautics and Space
Technology, Frank said he did not necessarily need nuclear propulsion to go to the
Moon but he certainly felt it was almost enabling to go to Mars.

The President in a number of speeches has talked about going to Mars within the
lifetime of the scientists and engineers (Figure 3) who are going to be brought onboard
to work the program and also to have people on Mars by the time of the 50th = -
anniversary of the Apollo 11 landing which says that we have to be there by 2019. Now,
in February (Figure 4) he approved policy for the Space Exploration Initiative and he
said that is going to include both lunar and Mars elements as well as robotic missions.
He said the near-term focus is going to be on technology development. And you may be
aware that we have an Outreach Program, which General Tom Stafford is heading, and
which is in response to the Vice-President’s request that NASA cast a wide net looking
for innovative ideas. There will be meetings and so forth coming up on that. In fact,
NASA and the AIAA are sponsoring a meeting in the first full week of September to
look at some of the technology items for the Space Exploration Initiative. There is going
to be a focus on high leverage innovative technologies and certainly I think nuclear



propulsion, both NTP and NEP, are part of that.

Now, it is probably going to take several years to come up with the mission architectures
for how we go back to the moon and go on to Mars, and that requires us to maintain a
certain amount of flexibility. I think in the nuclear propulsion program we have to be
able to adapt to whatever comes out of these studies and we have got to be able to
provide the planners with the information they will need.

NASA is going to be the principal implementing agency, but we are going to be working
with the Defense Department and the Department of Energy. Certainly, when we get
into nuclear propulsion we recognize the capabilities of the DOE laboratories, and we
have been advertising the current workshops as joint NASA/DOD/DOE meetings. And
I am glad to see the attendance from those agencies here.

Last November, the President approved our current version of the national space policy,
which updated the policy that was in effect during the Reagan administration (Figure 5).
One of the key points in that was that our goal is expanding human presence and activity
beyond Earth orbit and out into the solar system. There is a background on this policy
that’s been developing over several years, dating back to 1986 when the Congressionally-
mandated National Commission on Space issued its report on "Pioneering the Space
Frontier" and in this report there is discussion of nuclear propulsion. And then Dr. Sally
Ride issued a report to the NASA administrator in 1987 and that laid out about four
mission scenarios including going to Mars. Of course, one of her recommendations was
that NASA create an Office of Exploration, which NASA did, and that office issued the
first of a series of annual reports in 1988, also looking at the Mars mission.

" There are a number of reasons why we should go to Mars, (Figure 6) and certainly
technology and education are key parts of it because we need something, at least in my
view, that inspires people to go into science and engineering. My personal view is we
have enough lawyers; we need people who are going to go out there and give us the
technology edge because, as all the commentators are pointing out, the battle in the
early 21st century is not going to be military, it is going to be economic. Certainly,
continuing our journey into space and to Mars gives us the chance to understand
planetary evolution. Perhaps the most fascinating thing concerns life on Mars, if'it ever
got a chance to start, and if not, why not. So again, that’s our long-range goal and that’s
our focus on the nuclear propulsion program that we are developing.

Now, during the last year following the President’s July 20th speech, NASA set up an
in-house group which did the "90 day study," and that study looked at going to Mars and
identified a number of key technologies (Figure 7) that are needed for human
exploration of the moon and Mars and nuclear propulsion was one of those key
technologies. So that was the first highlight on it.

Then in response to that, we put together within OAET, now the Office of Aeronautics



Exploration and Technology, an Exploration Technology Program which is to develop a
broad set of technologies (Figure 8) to enable future decisions on development of future
space exploration missions.

The Exploration Technology Program is not a sandbox, it is to be a critically needed
focused technology program and it includes these technology areas, And again, one of
them is nuclear propulsion. And the explorative technology program is the one that was
budgeted at $179.4M in the President’s submittal for FY91.

Now, specifically for nuclear propulsion these are the words that went into our internal
budget documents (Figure 9). And we said that the technology that will be developed
under nuclear propulsion is to address multiple approaches (Figure 10) for applying
space nuclear power systems to the improvement of nuclear performance for human
missions to Mars. We said we would start work on a nuclear thermal rocket propulsion
technology and at the time we said solid core and gas core systems would be looked at.
And later I will mention also liquid core concepts and all of these concepts were to be
considered for future piloted missions to Mars. We also said we would be working on
nuclear electric propulsion technologies and that would include both the reactor and the
electric propulsion system.

For those of you who have followed this, we had a previous program called Pathfinder
which is the precursor, if you will, for the Exploration Technology Program. We did
have an element in the pathfinder program called Cargo Vehicle Propulsion which
unfortunately was not funded. That was focused strictly on the electric propulsion
thrusters. Now, under NEP, we have the reactor plus the electric thrusters and we also
have nuclear thermal propulsion. So when we talk nuclear propulsion it consists of two
key elements, and we have put together a draft thrust plan, as we call it, for all of
nuclear propulsion and that is a draft document coming out of Headquarters.

We have set up various roles on this. Lewis Research Center here in Cleveland is our
lead center within the NASA complex on working nuclear propulsion. And they are
helping us pull this whole activity together. In nuclear thermal propulsion, they are being
assisted very ably from the people from Marshall Space Flight Center in Huntsville,
Alabama, and in nuclear electric propulsion they are being assisted by JPL, Jet
Propulsion Laboratory, in Pasadena.

At this point I should thank a whole lot of you because you are going to see charts up
here from the various NASA centers and DOE laboratories and contractors. Bob
Frisbee at JPL frequently reminds me the difference between plagiarism and scholarship
is whether or not you acknowledge the sources, so I want to acknowledge a lot of you on
this. Now under nuclear thermal propulsion (Figure 11), we are going to be looking at
the whole system, the reactor, shielding, pumps, and all of that.

Larry Ross mentioned, in his opening remarks, the previous work done at Lewis



managing the NERVA program and other activities. - I think that there is a synergism
between chemical propulsion activities and nuclear propulsion activities, and this is a
message I have gotten in talking to people at Lewis and Marshall. The
ROVER/NERVA program in many ways led the country in the 1960s on cryogenic
technology, but the chemical people with the Space Shuttle main engines and so forth
have since gone beyond; there are things that we can learn from them.

One thing I would like to do is not get into a chemical versus nuclear mode; rather I
would like to adopt a view that nuclear is simply an extension of chemical. We are going
to take the chemical technology for pumps and nozzles and so forth and just heat the
propellant in a different way.

Within our thrust plan, we have a number of goals (Figure 12). These include
developing the technologies to apply space nuclear power to improve the performance
for human missions to Mars. Our focus is really on the piloted missions, and out of this
we want to come up with at least one concept that alone or in combination with other
systems can meet the requirements for piloted and cargo missions to Mars.

Now, in combination it could be something like nuclear thermal propulsion plus nuclear
electric propulsion, the hybrid concept. I think there is at least one talk on that
scheduled during this workshop. It also might end up being chemical plus nuclear. There
are various ways perhaps to do it. Our objectives (Figure 13) include developing safe
advanced nuclear propulsion systems that are responsive to the Space Exploration
Initiative requirements, and we have to have a focus on safety.

Right now NASA has a court case pending on the Ulysses mission, which is a European
Space Agency spacecraft that NASA is launching this fall, and which has one
radioisotope thermoelectric generator. We have been taken to court to stop that launch.
We have also been asked to not allow Galileo to fly by the Earth in December, and we
may get the judge’s ruling this week. We have to be ever mindful of safety whenever we
get into this nuclear arena. As the cliche goes we have to be squeaky clean. In fact, as
one fellow said, if out of all of these workshops one piece of paper finds its way into the
gutter and somebody comes by and picks it up, that piece of paper had better have the
word safety on it.

We are going to look at component subsystems and systems technology, and what we
want is to come out with a validated base for moving on in nuclear propulsion. There
are project level goals (Figure 14 & 15) and Lewis has taken the lead and will be
working with Marshall and JPL in coming up with project plans on nuclear thermal
propulsion and nuclear electric propulsion.

Now, there is a bit of a strategy behind this I would like to spend a few minutes on. In
putting all of this together, again our focus has been on safety, reliability and high
performance technology. As to reliability, we are of course, aware of the problems on



Hubble and other things and so this is going to be a challenge for the people working
the panel on advanced planning. How do we test a nuclear propulsion system? That’s
going to be something we are really going to have to wrestle with, and certainly there are
strong arguments for all-up testing on the ground if we can do it.

We certainly need to work with the public, with Congress, and the administration on
developing a consensus on the safe use of nuclear propulsion, because now we are doing
something a little different from say a Galileo or Ulysses, where the device is just sent
out. We are talking about sending people out a nuclear system and bringing them back
into, perhaps, a low Earth orbit. And in fact, there is a meeting scheduled today in the
Pentagon to wrestle with the question of the effects of gamma rays and other particle
emissions from reactors on scientific satellites. Congress mandated that the Defense
Department would provide a report on how reactors in space might affect science
satellites such as the Gamma Ray Observatory and so forth. We are gomg to have to be
sensitive to that with nuclear propulsion.

Out of our work we have got a chance to strengthen and extend the propulsion
technology foundation for the civil space program. Again I want to emphasize we are
just taking chemical another step further. A key part of this effort has to be involving
the universities, because that’s where the people are coming from who are going to carry
these programs into the 21st century. Also, the program really needs to be done with
other agencies such as the Department of Energy, the Department of Defense; their labs
and their contractors have expertise that we don’t have at NASA, and I think this
maximizes the use of existing resources. And obviously, in this country, if you do
something it really ends up being done by industry and by laboratories. So it’s got to be
done as a team approach involving industry and the universities and laboratories.

Again, to emphasize, this is to be a phased and focused technology development
program. We have been asked throughout the Exploration Technology Program to set
up "wickets" through which these various ideas have to flow and we are going to have to
make decisions as we go along. We cannot continue to work nuclear propulsion or we
cannot work our life support or artificial intelligence or whatever indefinitely. We have
to be focused on where we are going with them.

The last issue is maintaining a flexible design approach. If you go back and look at the
ROVER/NERVA program, it started out when the Air Force went to the Atomic
Energy Commission looking for a way to have an ICBM, and they wanted a nuclear
rocket ICBM. Then, when NASA was created, it became a vehicle for going to Mars.
Next it became a tug to go from low Earth orbit to lunar orbit; so that’s part of the
reason you see a multiplicity of nuclear thermal propulsion designs in the late 1950s and
1960s. The requirements keep changing, so we have to be flexible; but as a colleague of
mine once said, "we have to be flexible but not limp."

There are a couple of things on "why nuclear propulsion” that are coming out of studies



that Lewis and Marshall and others have done. If you look at an all-propulsion chemical
system, the initial mass requirement in the low earth orbit is pretty humongous (Figure
16). Once you go down into an aerobrake system or a nuclear thermal rocket either at
900 to a 1000 seconds Isp and even nuclear thermal rocket with aerobrake, they all
significantly improved (Figure 17).

And I might mention that we have had some discussions on what we need to know and I
will start by saying when nuclear is compared against chemical plus aerobrake, the
aerobrake mass fraction used is quite often an optimistic assumption of 13 to 15 percent
or something like that, so that needs to be noted. These have been the typical measures
of performance, but there are people in Headquarters who have asked me a different
question, not so much about the required mass in the low Earth orbit but about the trip
time. In this particular study (Figure 18), for example, the electric propulsion systems
were of the order of 650 days, although with some sort of a boost either from nuclear
thermal or chemical they can get that down to a time comparable with nué¢lear thermal.

During the 90 day study there was a lot of interest in nuclear gas cores (Figure 19),
simply because of short trip times, and there are people out there who believe that this is
the major selling point for nuclear propulsion, getting people to Mars quickly so we don’t
have excessive life support issues to deal with, we don’t have to extend the time during
which the astronauts might be exposed to a solar flare, and we minimize the radiation
dose they get from galactic cosmic rays.

This is another chart from Lewis showing plots of relative mass in the low Earth orbit as
a function of engine thrust/weight (Figure 20). These have always surprised me, but the
message that comes out of these is above about six to ten, thrust-to-weight isn’t as
important as specific impulse. So things to think about as you go into these deliberations
on going to Mars are, short trip times and high specific impulses.

This is a chart that was presented at the NEP workshop (Figure 21). Perhaps there is a
clue here that, if we are willing to relax our mass in the low Earth orbit, we can start
pushing for shorter trip times, and perhaps nuclear will get there more quickly than
chemical plus aerobrake.

As something that I want to leave you with, I will quickly mention that these nuclear
propulsion systems certainly give us versatility (Figure 22). In the ROVER/NERVA
program basic modules were developed, and they can be stacked up depending on what
the mission is. Nuclear thermal propulsion and even nuclear electric propulsion offers
the possibility of using in-situ propellants (Figure 23) and Bob Zubrin will be talking
about that later.

In the days of NERVA, and more recently in other studies, people have looked at using
the reactor not only for direct thermal propulsion (Figure 24), but also to drive a turbine -
alternator so you could have both power have a nuclear electric propulsion system as



well.

The nuclear rocket program as set up in the 1950s and 1960s runs roughly like this
(Figure 25). The point I want to make is that Los Alamos was turned on in about 1955
and the KIWI test started about four years later; this was before the National
Environmental Policy Act and was a classified program. Also, Westinghouse and Aerojet
were turned on around 1961, and again it was several years before we get into the NRX
series.

It’s now going to take several years to get a ground facility built up and running and tests
going, so we need to be realistic about that. We may be a little optimistic in some of our
sales pitches, but I think we ought to not kid ourselves about its taking time to do this.

This just simply shows the evolution of the Los Alamos concepts (Figure 26) and this was
the Aerojet/Westinghouse NERVA (Figure 27) and I won’t dwell too much on that.
These (Figure 28) are various ways of running the engine and this breaks out the
individual tests (Figure 29), ending up with the nuclear furnace.

Now, the NERVA/ROVER program had a price tag in 1960 dollars of $1.4 billion; if
you mention those kind of numbers today people get a little nervous; but I have been
told by several people that the cost of developing and qualifying the chemical engine on
the advanced launch system is about $4 billion. The chemical people historically have
thought of at least a billion dollars to qualify a chemical engine, so I don’t think we need
to apologize in the nuclear community that we might spend more than a billion dollars
to develop something that is at least twice as good as what we have today. Nor should
we be apologetic about the fact it may take several years to do it.

Even though the ROVER/NERVA program ended about 1972, some people have
continued to work on it. Las Alamos and INEL looked at small advanced nuclear rocket
engines (Figure 30) and low pressure engines and Brookhaven looked at particle bed
reactor design (Figure 31), which improves heat transfer. And recently I was made
aware of the fact that Brookhaven has looked at a liquid annular reactor system (Figure
32), about which they will talk later, which is a step toward the gas core system and
allows even higher temperatures. Also, of course, work was done under the
ROVER/NERVA program on gas core systems (Figure 33), wherein you could push the
uranium plasma up to 10,000 degrees Kelvin.

Additionally, there was a nuclear light-bulb, and we will be hearing about this over the
next few days. On paper, these advanced concepts certainly offer the possibility of quick
trip times, because they have the right combination of thrust and Isp.

Now then, what we want to do, given the fact that there are these various concepts both
under solid core and gas core and liquid core (Figure 34) is study them, get into more
detailed designs, do some component testing, with the idea that somewhere toward the



end of the decade we would come up with a basic nuclear thermal propulsion concept
and similarly, a basic nuclear electric propulsion concept. So, basically, these workshops
are put together as a way to educate those of us who are working on the nuclear thermal
propulsion, and as a quick way to find out where all these concepts are. We do not
intend to use the workshops to make any sort of selection, however.

Ideally, we would like to carry a number of concepts along in the planning, and for those
of you who were involved in the ROVER/NERVA program, that program did more
than just NERVA and Phoebus and so forth. It also worked on things like gas core and
‘so forth. So it kept alive even more advanced technologies and I would hope that we
would be able to continue to do that, and that we would not look at any one of these
concepts as the be-all for the rest of the duration of humanity’s existence.

There are a lot of issues that we have got to look at (Figure 35). Again, chief among
them will be safety and safeguards plus quality assurance, how we test theSe concepts
and what sort of reliability program we come up with. Obviously we are not going to be
able to test dozens of these systems, so we have got to come up with a test program that
will enable us to calculate the reliability and still come up with good reliability. These
are the kinds of issues that we must address in our programs.

The scope that we will be working on (and liquid core should also be in here) (Figure
38), will be going through the different reactor types and how we move the heat around.
Radiation shielding is going to be a key aspect. I might mention that under the
Exploration Technology Program we have a separate program thrust that deals with
shielding. That’s being managed by our Materials and Structures Division.

Now, given the fact that back in January the President submitted this budget that
included the $179.4 million for exploration technologies with $11 Million for nuclear
propulsion, what are we going to do, given that we have no money in FY90?

Well, we kicked it around in several meetings (Figure 37 & 38) and decided that we
should at least assemble what we can of the requirements. We will go out and talk to
the people at MASE, the Mission Analysis and Systems Engineering group at the
Johnson Space Center, and find out what assumptions they and the supporting cénters
have made about nuclear propulsion, what the requirements were on NERVA, and what
the requirements were on SP100, because that’s the current ongoing space nuclear
system in this country. Particularly, we should learn where we are in safety, because the
safety philosophy is different from NERVA to SP100.

In the days of SP100 and the SNAP-10A system, the idea was "burnup on reentry."
People were looking at things as far-out of shooting cannons up the nozzle of NERVA to
blow it apart to ensure that it would burn up on reentry; now we are looking at "intact
reentry."
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So we decided to pull together these workshops (Figure 39) and to assemble a data base
on the various concepts; but we wanted to do more than just simply bring everybody in
and go through the advocacy. We decided to put together a technology review panel,
which will try to evaluate these things, separate the facts from the advocacy, and try to
get the advocates evenly weighed and on a level playing field. Again there is no intention
of making any decisions in terms of concepts, but rather to determine what work is
needed on each concept to bring them up to enough design maturity that we can make
intelligent decisions later on in the decade.

Next, we will work on our program and project plans. We have a draft program plan
(Figure 40 & 41) called the Thrust Plan, and we are now working on draft project plans.
Our goal is to get ready so that, depending on what money comes in in FY91, we can hit
the deck running with strategy, and statements of work, and we would have our plans in
place. We are going to do that by assembling the data bases and by holding these
workshops; and I think a key part of the process is developing advocacy charts and
papers.

Realize that we are going to have to sell this program and sell it and sell it; there are
going to be reviews on top of reviews. Immediately after the 90 day study was completed
the National Research Council (NRC) met and reviewed it, and we will have our own
internal reviews, and our own Space Systems and Technology Advisory Committee
(SSTAC). The National Research Council (NRC) has an Aeronautics and Space
Engineering Board (ASEB) that will be reviewing it, and there will probably be
Congressional reviews.

So these workshops will help us, through meeting you and seeing your charts, to put
together a coherent total story on nuclear propulsion. We are going to use these
workshops to put together that data base, to help us identify the technical issues and to
help us define our program. Again, we are using the technology review panels to
evaluate the data and they will be meeting with us again in September. Then we hope
later in the fall to have a meeting with all of you give you feedback on where all of this
is going. )

Just to recap, our philosophy is developing nuclear propulsion technology for space
missions and that means going into the critical subsystem and components. We are
going to look at real system performance and operating characteristics, and we are going
to look at specific space missions such as going to Mars. And we are going to have to
have a program that’s environmentally acceptable, that is certainly innovative, and that is
driven by the mission requirements. It’s going to be focused on critical propulsion
components, including the reactor and the rest of it. We are certainly going to have to
spend a lot of time wrestling with the philosophy on how we verify the system, and there
are a number of requirements that are going to have to met, chief among them being
safety.

11



I always like the quote attributed to Glenn Seaborg (Figure 42). He said what we are
attempting to make is a flyable compact reactor, not much bigger than a desk, which
would produce the power of Hoover Dam from a cold-start in a matter of minutes. So I
always thought Seaborg had that pretty well in focus.

I think there is enough in this to keep us all busy, and again I remind everybody the 11th
commandment of the nuclear community, we are not making decisions in these
workshops, so "Thou Shalt Not Speak Ill of Another Nuclear Program." And with that,
let’s go to Mars.

12
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‘PRESIDENT BUSH .
AND THE SPACE EXPLORATION INITIATIVE
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Figure 1
ORIGINAL PAGE IS

OF POOR QUALITY

I 96].«1t took a.cnsxs -——the spaca race —
- tospeed-thingsup...

Today»we do:.not. have a cnms.\We have

. an oppormmty

. To Sazethxs opponumty. I am not proposmg
~ al0year plan like Apollo. I am proposing
a long-range;. commumg commitment.

 First, for the coming decade — for the I990's -
Space Station Freedom— our critical next
step in all our space endmvors.

'And next —~for the new cenmry = back to the
 Moon. Back to the fumre. And this time,
‘back to stay.

And then'— a journey into tomorrow == a journey
to another planet'—.a manned mission to Mars.”?

7 President George Bush

Apcllo-Eleven Twentieth Anniversary
-July- 20,1989
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THE PRESIDENT STATES THE GOAL | l

"Our goal: To place Americans on
Mars—and to do it within the working lifetimes
of scientists and engineers who will be recruited
for the effort today. And just as Jefferson sent F-
Lewis and Clark to open the continent, our
commitment to the Moon/Mars initiative will
open the Universe. It's the opportunity of a
lifetime—and offers a lifetime of opportunity."

President George Bush
Remarks al the University of Tennessee
February 2, 1990

Office of A ——uua.wuntmj

PRESIDENTIAL DECISION
ON THE SPACE EXPLORATION INITIATIVE

On February 16, 1990 President Bush approved policy for the Space Exploration Initiative: .

Initiative will include both Lunar and Mars program elements,
as well as robotic science missions

Near-term focus will be on technology development
- Search for new/innovative approaches and technology
- Investment in high leverage innovative technologies with potential to
make a major impact on cost, schedule, and/or periormance
- In parallel with mission, concept, and system analysis studies
Selection of a baseline program architecture will occur after

several years of defining two or more reference architectures
while developing and demonstrating broad technologies

NASA will be the principal implementing agency while DOD
and DOE also will have major roles in technology
development and concept definition. The National Space
Council will coordinate the development of an mplementanon
strategy by the three agencies

g Y

saasmss Office of Asronautics, Exploration snd Technology ws
Yo VRN
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NATIONAL SPACE POLICY - GOALS

space.

On November 2, 1989, the President approved a national space
policy that updates and reaffirms U.S. goals and activities in

Strengthen the security of the United States

Obtain scientific, technological, and economic benefits
Encourage private sectof investment

Promote international cooperative activities

Maintain freedom of space for all activities

Expand human presence and activity beyond Earth orbit
into the solar system

r-NI’EI\

WHY ARE WE GOING TO MARS?

To fulfill the human imperative to explore
To understand planetary evolution

‘To enhance our understanding of life in the universe
and find out if life once existed on Mars

To improve our country's technological competitiveness

To continue America's journey into space

Carry out the National Space Policy goal of expanding human presence
and activity beyond Earth orbit into the solar system
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KEY TECHNOLOGIES NEEDED
FOR MUMAN EXPLORATION OF

THE MOCN AND MARS

E——— —— .

REQENERATIVE LIFE SUPPORT SYSTEMS
AEROBRAKING

ADVANCED CRYOGENIC HYDROGEN-OXYGEN
ENGINES

SURFACE NUCLEAR POWER SYSTEMS
IN SITU RESOURCE UTILIZATION
RADIATION PROTECTION

NUCLEAR PROPULSION

RA
NASA EXPLORATION TECHNOLOGY PROGRAM

L LU LSS L L L AL L L L

——

® The Exploration Technoiogy Program is a program through
which NASA wiil develop a broad set of technolcgies
to enable future decisions on and development of
future space exploration missions. The Exploration
Technology Program is a critically-needed, focused
technology program that will strengthen the
technological foundation of the civil space program
and the nation's leadership to go forward with
ambitious future solar system exploration missions.

® The Exploration Technology Program is organized Into
elght technology areas:

Space Transporation Lunar and Mars Sclence
In-Space Operations Information Systems
Surface Operations Automation
Human Support Nuclear Propuision

16
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The technology developed in the nuclear propuision program
grea will address muitiple approaches to applying space
nuciear power systems to the improvement of mission
performance for human missions to Mars

BASIS OF THE EY 1991 BUDGET ESTIMAT

Research will be started in nuclear thermal rocket propuision
technologies, including both solid core and gaseous

core nuciear system concepts, capable of long-life

and multiple starts, for future piloted mission to Mars
applications, and In nuclear electric propulsion

technologies, including both nuclear reactor systems
technologies, advanced low-mass radiator and power
management systems, and in high-power long-life

electric thrusters for piloted missions to Mars.

Figure 9

NASA NUCLEAR PROPULSION THRUST PLAN AT
EH O U5 O et 0 Y Fol et (LT

'NUCLEAR PROPULSION

NUCLEAR THERMAL NUCLEAR ELECTRIC
PROPULSION PROPULSION
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NUCLEAR
REACTOR

SCHEMATIC DIAGRAM OF A

GENERALIZED NUCLEAR THERMAL
PROPULSION SYSTEM

Figure 11

NNSN NUCLEAR PROPULSION THRUST PLAN OET
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-EXECUTIVE SUMMARY

THRUST GOALS

e Develop the technologies required to apply space
nuclear propuision systems to improve the mission
performance for human missions to Mars

o Identify and develop at least one space nuclear
propulision system that, alone or in combination
with other propulsion systems meets the
propulsion requirements for piloted and cargo
missions to Mars (including unmanned precursor
missions) and for which technical feasibility
issues have been resolved

18 Figure 12
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‘ EXECUTIVE SUMMARY )

OBJECTIVES

e Develop safe advanced nuclear propuision
system concepts that are responsive to SEl
requirements (including vehicle/stage considerations)

o Demonstrate component, subsystem, and systems
technologies for advanced nuclear propuision
systems

e Validate design analysis techniques and develop
a technology base in the required disciplines

Figure 13

NASA NUCLEAR PROPULSION THRUST PLAN OET
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@_EXECUTIVE SUMMARY )

PROJECT-LEVEL GOALS

e Develop the nuclear thermal rocket propuision
technoiogies, capable of long-life and
multiple starts, for future piloted and cargo
missions to Mars, including unmanned
precursor missions

o Develop the nuciear electric propuision
technologies, including nuclear reactor
systems technologies, advanced low-mass
radiator and power management systems,
and high-power, long-life electric thrusters
for piloted and cargo missions to Mars,
including unmanned precursor missions
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NUCLEAR PROPULSION THRUST PLAN QT
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Deveiop safe, reliable, high-performance nuciear propuision
technology for exploration of the Solar System

Develop a consensus on the safe use of nuclear propuision
in order to achieve public acceptance

Strengthen and extend the propuision technology foundation
of the civil space program so that a new, higher technology
plateau will be established for future propuision programs

Broaden participation of universities to enhance the
scientific and technical educational level of the U. S.

Coordinate with DOE, DoD and their labs and contractors to
minimize duplication and maximize use of existing resources

implement through a joint NASA/DOE/DoD/Industry/University .
team approach

Carry out a phased and focused technology development
program with clearly defined technical objectives in order
to identify early the best approach(es)

Maintain a flexible design approach to accommodate changes
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IMLEQO SENSITIVITY TO LAUNCH OPPORTUNITY
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PROPULSION PERFORMANCE COMPARISON
SCR AND GCR PILOTED MARS MISSIONS, QUICK TRIPS
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EXTRA-TERRESTRIAL PROPELLANT

LANDER/HOPPER/ASCENT VEHICLE
(DIRECT FISSION-THERMAL PROPULSION)

Land on Mars Refuel Launch
with with with
Hydrogen Co, co,

Figure 23

NERVA TECHNOLOGY HAS SYNERGISTIC APPLICATIONS

Steady-State Power Steady-State Power

® 10°s of MWe for electric propuision
Direct thermali propuision
‘15,000 to 250,000 pounds of thrust

Dusl Power Systems
; N
® High direct thrust (e.g., 75.000 pounds) plus
fow electric propuision (e.9., tMWe)

He orHe-Xe

Radiator

Dual Power System

Direct Thermal Propulsion He-Xe

Radiator
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Nuclear Rocket Program
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NERVA Flight Engine Configuration
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]'MODES., OF NUCLEAR ENGINE OPERATION

ELie )

Hot Bleed Cycle Full-Flow Cycle Cold Bleed Cycle
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NERVA/Rover Reactor System Test Sequence
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NNASA

‘ EXECUTIVE SUMMARY )

KEY TECHNICAL | E

Safety/safeguards/QA
(during all program phases)
Qualification/acceptance test strat.
Reliability and fault tolerance
High Performance engines
(including reactors) i
Reusability/restart capability
Reactor Fuel
Structural Aspects
Turbomachinery
Vessels/Nozzles
Pumps/Valves
Diagnostic Capability i
Control Systems (neutronics/

Power Processing Units
(NEP
Thrusters (NEP)
Space opersations
- radiation shielding
- design criteria for in-space
operation and
maintenance
Propellants/Prop. handling
Thermal hydraulics
Thermal Management .
Materials
Lifetime
Mass/Volume Limitations

1&C) In-situ Prop. Utilization
NNSA NUCLEAR PROPULSION THRUST PLAN OT
= — SISV e OIS P e SV EUES
%.2 CONCEPT DEVELOPMENT SCOPE
GAS CORE ROCKETS SOLID CORE ROCKETS NEP
Reactor type Reactor type Reactor type
Heat transport and rejection Heat transport and rejection Heat transport and
Safety Systems Safety systems rejection
Radiation Shielding Radiation shieiding Power conversion
Control Controt unit
Pressure vessel Pressure vessel Safety systems
Turbopumps Turbopumps Radiation shielding
Nozzie Nozzie - Controt
Thrust Structure Thrust structure Pressure vessel
Turbopumps
Power processing
unit (PPU)
Thrusters

Thrust structure
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d NUCLEAR PROPULBION )

WHAT NEEQR TQ BE DONK IN FY 1990

o ASSEMBLE "REQUIREMENTS"

- Mission Study Assumptions (workshop)
- NERVA Requirements
- SP-100 Requirements (especiaily safety)

o ASSEMBLE DATA BASE ON CONCEPTS

- Workshops on GCR, SCR and NEP
- Publish report (data base)

- DEVELOP PROGRAM AND PROJECT PLANS

- Prepare SOW for Contracts
- Prepare procurement packages

Figure 37

UNASA NUCLEAR PROPULSION O€T

a FY 1990 PROGRAM STRATEGY ,

DcvolopthoFY1991 program, includi
= procursment strategy uding
- statements of work

= thrust/project plans

Implementation: Assemble data base
Hold Workshop(s)
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((Nucuum PROPULSION WORKSHOP
Qbjesatives

« Assombie date bate
« identify technicel iesues
* Provide input for FY 1991 studies

Approach

+ Hold workshop covering

- Mission studies
- Safet
- GCR/SCRA/NEP

« Coliect data and have technical
“tiger team" evajuate data

o Issue evaluated data report and workshop
summary

Figure 39

nsn  Nuclear Propulsion Thrust osr
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NUCLEAR PROPULSION PROGRAM PHILOSOPHY

® The development of nuclear propulsion system technology
for space missions

o The development of critical subsystem and component technology
® Evaluation of real system performance and operating characteristics
® The evolution of a propulsion system concept that will meet the
&bjectilves of specific space missions when firm objectives are
entified

® The development of a sound technical system verification approach
which is environmentaily and programmatically acceptable

® Pursuit of innovative and advanced technologies with significant
mission advantages

IN SUMMARY, A MISSION/REQUIREMENTS DRIVEN
TECHNOLOGY PROGRAM IS PLANNED
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NUCLEAR PROPULSION DEVELOPMENT PHILOSOPHY

Principal thrust directed to the development of critical propuision
components and subsystems that significantly affect propuision
system characteristics:

Reactor subsystem

Thrusters (for NEP)

Nozzie (for NTP)

Turbopump assembly (for NTP)
Thrust vector control system (for NTP)
Power system (for NTP)

Power processor (for NEP)

Control system

Development of a verification approach that inciudes components,
subsystems and systems, and addresses:

® Analysis

® Simulation

& Test
Requirements priority in order:

® High reliability and ground/flight safety

o Deveiopment cost/risk

& Performance/Weight

e Remote maintenance (robotics)

oe0008 O

Figure 41

What we are attempting to make
is a flyable compact reactor,
not much bigger than an office
desk, that will produce the
power of Hoover Dam from a
cold start in a matter of minutes

- Dr. Glenn T. Seaborg
Chairman

Atomic Energy Commission
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DOE NUCLEAR PROPULSION PROGRAM
- OPENING REMARKS

Earl Walquist
Acting Associate Deputy Assistant Secretary
for Space Defense Energy Projects
Department of Energy

I just want to add just a couple of thoughts to what Gary has said. I want to
reemphasize that DOE intends to be an important supporter of NASA in this endeavor
of nuclear propulsion. Looking back at the 1991 budget time-frame, when the President
gave his speech, it was too late for DOE to respond in the 1991 cycle. But there is a
major issue going in the 1992 cycle, for which the budgets are already in process. If
NASA is successful in maintaining SEI in their 1991 budget, then I think DOE will
become an important participant in funding in the 1992 cycle.

DOE’s view is that this is a national priority, and if the Congress adopts it and the
President continues to support it, DOE’s intent is to support NASA and to be a co-equal
player in making it happen.

There are lots of issues that have to be sorted out, and technologies: what to do and
how to accomplish it. But when it comes to these kinds of programs for other agencies,
DOE does not view itself as the technology pusher, but rather as a supporter, and to be
active in the development through the use of its laboratories, and funding support. So
the major lead for the requirements comes from NASA, and it will not come from DOE,
though DOE will lay on certain safety requirements, as issues that they will want to see
adopted and pursued.

As many of you are aware, when you talk about nuclear electric propulsion, at low power
end, one of the primary missions considered for SP-100 was nuclear electric propulsion.
In fact, that sort of reference mission for SP-100 has been talked about for some time,
since SEI came up with nuclear electric propulsion as an option. When you move SP-
100 into the higher megawatts, it has to be looked at by viewing other technology, I
guess the thought that I would like to leave here, is that we are excited about the
program in DOE, and some of us are pushing our management harder than they want to
be pushed, but there are major decisions going on.

As you are aware, Congress wasn’t too kind to SEI in the initial 1991 budget; they tried
to zero everything that had anything to do with SEI. Probably it’s a bargaining position
with the President. And they also did it in NASA. But Congress didn’t go to the other
agencies and zero everything in relationship to SEI. So when you get into joint funding
programs, sometimes it helps you to maintain joint programs because if you get an

enemy in one place, you can sort of overcome them, with a friend in another place. So
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we are excited about it and we are hopeful that we can we, in its wisdom, doesn’t know
where other things are, they work closely with Gary in trying to support him in laying out
the development plans.

How it all comes out, none of us knows for sure, but I guess I am optimistic that we will
see something go forward in the near term. And, as Gary commented, one of the
exciting things to me about the SEI is that it probably could do more to excite or
rejuvenate technology and the interest of the young people growing up than anything else
that we could start on.

I was at a community meeting one evening. I came in late and commented that I had
been in a meeting talking about going to Mars and they didn’t want to talk about
anything else. They wanted to talk about how are we going to do it and how it is going
to work.

Young people can be excited about being scientists and engineers with this kind of an
endeavor. They don’t get so excited about technology that is just for weapons or other
things, but there is something about this mission to Mars. I think we have an
opportunity here to create something that will have a legacy in many respects for
mankind. So let’s work together and make it happen.
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NUCLEAR THERMAL PROPULSION WORKSHOP
OVERVIEW

John S. Clark
Workshop Chairman
NASA Lewis Research Center
Cleveland, OH

In the October/November issue of Air and Space:Magazine (the quarterly magazine of
the Smithsonian Air and Space Museum) the cover story was "Destination Mars, What
Kind Of Rockets Will Get Us There." I think this article talks about why we are here
today (Figure 1). We are here to try to figure out how to use nuclear propulsion to
accomplish that mission, and we appreciate the help that we will be receiving from all of
you.

I have a very detailed purpose statement in the handout (Figure 2). I am not going to
read the words for you, but the bottom line is included in the last paragraph, to assess
the state-of-the-art, to try to identify which of those concepts that have been proposed
have the most benefit for the manned mission to Mars, to identify the technologies that
need to be developed, to lay out some first-order plans for those technologies, and to try
to get a first-order cost estimate, and from there to put together our project plan.

There is also included in the handout a listing of the members of the steering committee
(Figure 3). You have met Gary Bennett, Earl Wahlquist, and Tom Miller, and Roger
Lenard will be joining us. There are also a number of ex-officio members of the steering
committee, including Franklin Chang-Diaz, who is an active astronaut at Johnson at this
time; he has been included to bring in the astronaut safety aspects.

Figure 4 tries to show what we are trying to accomplish, and how we are going to do it.
Back about the first of May, we got together in Washington and agreed upon an
approach that looks very similar to the final approach that we are using for these
workshops We identified a large number of concepts that are candidates for this kind of
a mission to Mars, and we tried to identify an appropriate person who could be a
spokesperson (or Concept Focal Point - CEP) for that concept at these workshops. At
the same time, we tried to define some requirements for the mission; Stan Borowski will
talk about that baseline reference mission to Mars in his presentation, which will follow
this one.

Based on those common requirements then, each of the concept focal points were to
address their concept and how to do the mission, the kinds of technologies that would be
required to perform that kind of a mission in terms of lifetime, endurance, reliability,
safety and all of those things. |
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We put together Technology Review Panels (Figure 8-12) that are a national community
of experts, if you will; they are here and will be sitting in on the parallel sessions,
evaluating each of the concepts based on the four criteria: cost, safety, benefit to the
mission, and technical risk.

Each of the concept focal points will present a brief summary of their concept,
something on how that concept would perform on the mission, what the critical tests are,
schedule, milestones, costs, and facilities.

The technology review panels then are going to use that information, prepare
recommendations, and make a final presentation to the steering committee in
September.

This is a quick summary of how we are going to get through the next three days (Figure
5). All day today and through 9:15 a.m. tomorrow, we will be meeting in this plenary
session, where each of the concept focal points will give a brief summary of their
concepts. We will then break into parallel working sessions starting at 9:30 a.m.
tomorrow and running through about 10:30 a.m. on Thursday. From 10:30 through lunch
the panels will caucus and put together their remarks for a plenary feedback session in
the afternoon on Thursday; we should break about 3:30 p.m. on Thursday.

We also have a number of special information presentations (Figure 6) that I included in
the agenda and I want to just mention some of them. The first one I have already talked
about; Stan Borowski is going to talk about the reference mission from which we will
"Delta" each of the other concepts. All of the evaluations will be performed compared
to that baseline "reference" mission design.

Stan Gunn from Rocketdyne is going to talk a little bit about some of the things that we
can do to NERVA that will upgrade that system for changes in the past 20 years.

Press Layton is going to talk about some dual mode concepts. Tonight at the banquet,
Peter Worden will have some remarks. Peter is on the National Space Council. Then
Brian Pritchard from NASA Langley will be here. He is involved with some of the
Space Station Freedom studies and so he is going to talk about the work that is planned
to get us from the space station, in its initial configuration, to the Space Exploration
Initiative.

There are a number of other special presentations that I am not going to describe, but
they will be of special interest to the panels, but that we felt might not be covered in as
much detail by the concept focal points.

Figure 7 is a list of the concept focal points as you have in your agenda . I want to point

out on the agenda that Dick Dahlberg from GA called me yesterday and he will not be
able to attend.

38



Dilip Darooka from GE has worked on hybrid propulsion systems and he asked for
about ten minutes in our plenary session this morning to present some of that material,
so we will do that in place of the "pulsed nuclear” presentation. We also have, in
addition to the solid core concepts, some liquid core, gaseous core and one paper by
Bruce Reid on the NTP/NEP hybrid systems.

I would like to highlight some the members on the technology review panels. In the
mission analysis area (Figure 8), Tim Wickenheiser from NASA Lewis is the panel
chairman and Mike Stancati from SAIC is the executive secretary.

Ned Hannum is the chairman of propulsion panel (Figure 9) and the executive secretary
for this panel will be Stan Borowski, both from NASA Lewis.

The reactor panel (Figure 10) is chaired by John Dearian from INEL and the executive
secretary is Harvey Bloomfield from NASA Lewis.

The advanced development plans panel (Figure 11) is chaired by Steve Howe from Los
Alamos and Darrell Baldwin is the executive secretary.

The safety panel (Figure 12) is integrated with the other four panels, with members from
the safety panel distributed among the other four. They will be addressing the safety
issues in each of those panels and then will caucus at the end of the workshop and will
put together their separate report. Buzz Sawyer from NASA Headquarters is the
chairman of that panel and Marland Stanley from INEL is the executive secretary.

I would like to emphasize the expected output from the workshop (Figure 13). For each
of the concepts, we are looking for the critical test requirements, what needs to be done
to develop that concept to a technology readiness level six. As indicated, we are working
to technology readiness level six (TRL-6)-full system ground testing complete. We want
to identify any safety issues with each of those concepts and we would certainly want to
identify the facility requirements. And then once we have looked at all of the different
concepts, we will be making a first order comparison based on their performance, the
mission benefits, technical risk and a first cut at the development cost to TRL-6. Again,
it’s not a selection process, we are not trying to "down-select" and we are not trying to
eliminate any concepts. We are simply trying to identify technology needs so that we can
then put together our project plans.

In the assessment procedure (Figure 14) that’s to be used, each of the five panels will be
addressing the criterion that are identified. The output from the panels will be a written
narrative from everyone in the workshop as well as the technology review panel
members. That narrative should include discussions of strengths and weaknesses. And
then the technology review panel will be doing a relative ranking and a comparison of
each concept to the reference system.
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Each of you have in your folder an evaluation worksheet (Figure 15) that we would like
you to fill out. I encourage you to start filling those out during the summary sessions
today and then to transfer them into your three-ring binder to keep the evaluation sheets
together with the proper presentation; otherwise if you wait until the end of the session,
at the end of all of the presentations you will not remember your comments. So I
encourage you to write your comments as we are going along. Then after each concept
has been presented in the parallel session, turn those sheets into the Executive
Secretaries. He will collect them and we then will have that information available to us.

I want to talk very briefly about some of the factors that each panel will be looking for.
In the mission analysis panel (Figure 16), they are looking for the benefit to the mission,
how does it accomplish the mission better than the baseline system. Some of the factors
are indicated here, initial mass in lower earth orbit or trip time, and they trade-off
against each other. Specific impulse is an important measure of performance, and they
will be looking at all of the mission safety and operations aspects. They will also address
commonality, if that’s appropriate, and we’ll need to be thinking about whether or not
the concept can be ready for TRL-6 in the 2006 time period. And of course they will be
looking for inherent design reliability and/or complexity.

Indicated on the right side of the chart is the very simple scoring system that we will use.
We have developed a consistent scoring system where the score of (3) represents the
same (in this case) mission benefit or performance as the baseline system. There are
two levels of performance less than the baseline, and two levels of performance better
than the baseline, so the panel will be making an initial first cut at those kinds of
discriminators.

The same approach is to be used in the propulsion technology panel (Figure 17). They
will be looking at technical risk for developing the concept, and will ask the concept
focal points to try to rate the concept on the technology readiness level scale; I will talk
about what that means on my next chart. And then each evaluator will have a chance to
decide whether he. agrees with that rating or not. The factors that they will be
considering are: where the concept really is - how mature is the technology. It’s probably
a pretty good measure of how much money is needed to develop it to TRL-6.

They will certainly be trying to identify the key feasibility issues and the testing
requirements for that concept and this is the primary output that we expect from this
panel. They will also be addressing integration issues.

NASA Technology readiness levels are defined in Figure 18. Again, this project is
intended to go through Technology Readiness Level-6, which is a system demonstrated in
a simulated environment, including lifetime, performance, and system interactions. Level-
7 is a flight test of that qualified system, so we are trying to determine what needs to be
done to get to this point and how much it will cost. You can see the intermediate levels
that get us there.
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The reactor technology panel evaluation (Figure 19) is very similar to the propulsion
panel, in that they will be assessing technical risk and trying to determine where that
concept is on the technical readiness level scale. The same kinds of factors will be
considered, but primarily inside the reactor, as opposed to outside the reactor in the
other components of the propulsion system. The same scoring system is used.

The Advanced Development Planning panel (Figure 20) has the tough part; they have to
figure out how much this is all going to cost. This really is a tough one, because the
numbers that we have seen so far are all over, and it’s pretty much a guessing game. As
a first cut, we have asked the CFP’s to try to come up with estimates.

Stan Borowski will talk about an initial estimate for the baseline system and we’ll try to
make our comparisons to that; if it looks like a concept is going to cost more, or a
concept is going to cost less, and so forth. The factors that this panel will be considering,
are the technology readiness level, the key testing, key feasibility issues, and the testing
requirements, the verification issues, safety performance, how we do the simulation, and
how we do the testing. A big part of the cost is certainly going to be wrapped up in
facilities. Last, but not least, they will develop an overall estimated development cost for
that system.

The safety panel, as mentioned (Figure 21), is distributed among the other panels and
will be addressing hazard identification and mitigation, safety verification issues, launch
safety, inherent control and stability, system refurbishment and disposal (which is

certainly an important aspect), orbital assembly, and startup considerations, crew
radiation protection (which will be a necessity), redundancy, rehab1hty, and so forth.
Also, any other safety issues that need to be considered.

Finally, after we get through with the workshops (Figure 22), the technology review
panels or (some smaller subgroup of those technology review panels) will get together to
try to clarify some of the issues that have been identified for each of these concepts, and
for the nuclear thermal propulsion technology as a whole, and to try to verify some
claims that are made by the advocates.” We will then do a collation of the written
evaluations, and maybe do some simple calculations if that’s appropriate. Finally, we
will prepare recommendations that will go to the steering committee in the September
time period. There will be a workshop proceedings published. And we do intend to
provide some feedback to the concept focal points after the steering committee has met.
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